Synthetic DNA duplexes corresponding to the ribosooa binding site (RBS) were synthesized through the phosphite method on oolid support.
INTRODUCTION
Translational initiation in E-coli is a multicomponent process requiring interactions between RNA species (mRNA, l&S rRNA and fMet-tRNA* Mat >, initiation factors (IF-1, -2, and -3), and the ribosomal proteina <1). Shine and Dalgarno postulated that base-pairing between purine-rich sequences upstream from the AUG initiation codon in mRNA and complementary sequences near the 3' end of E. coli l&S rRNA might occur during translational initiation <2).
Thus far, several hundred bacterial and phaga mRNAs have been sequenced (3, 4) . Nearly all of the mRNAs include the sequences complementary to the 3' end of 16S rRNA 5 to 9 bases upstream from the AUG initiation codon. Moreover, the RBS sequence is positively mediated in the formation of the initiation complex which then affects the To date, there have been a number of studies examining the functional regulatory genes in relation to translation efficiency as influenced by RBS nucleotidas (12) (13) (14) .
Most of the studies emphasized the significance of the individual nucleotida rather than the group of nucleotidee in the ragion, because point mutagenesis provided only the effect of the individual nucleotide (15) (16) (17) . In this study, random oligonucleotide-directed mutagenesis at a targeted region was employed to investigate the significance of tha nucleotide combination as a sequence, not the effect of an individual nucleotide on translational efficiency.
We report here in that the construction of an expression vector by the replacement of an RBS sequence with synthetic random DNA and tha selection of the optimal sequence allowed us a series of novel RBS sequences.
A direct screening system relating 0-galactosidase activity to the color intensity of colonies on plates containing 5-bromo-4-chloro-3-indolyl-/3-Dgalactoside (X-gal), isopropyl-p-D-thiogalactopyranoside (IPTB) and ampicillin has been developed to identify those RBS sequences which have a greater effect on p-galactosidase gene expression. Then, the plasmids obtained from these colonies were directly cequsnced in the region o-f the RBS. The results augment the understanding of the translational role of the ribosome binding site on the basis of the primary structure.
Also a variety of novel RBS sequences was explored through this approach. 
MATERIALS AND METHODS

DNA sequencing
The modified dideoxynucleotide chain termination method was employed -for the direct determination of RBS sequences on the double-stranded plasmid DNA. For denaturation, the plasroid DNA waa incubated at room temperature -for 5 minutes in the presence o-f 2 M NaOH and 2 mil EDTA and was ethanol -precipitated. The usual polymerization reaction was -followed (26).
Computer analysis
Computer searches were performed with the Microgenie program purchased -from Beck man Co.
RESULTS AND DISCUSSION
Random mutagenesis at the targeted region with synthetic DNA proved to be one o-f the most powerful methods for selecting meaningful DNA sequences from random nucleotide combinations. The novel RBS sequence* obtained here provided new insight into the ribosome binding sits in terms of sequence and position. This approach can be extended further to study and isolate useful genes from certain regulatory systems in bacteria and other organisms.
In order to search for the optimal RBS sequence through random targeted mutagenesis, a plasmid system which possesses a known regulatory and usable structural gene, convenient cloning sites, and an easy selection system was chosen.
For that, we employed the Ipp-lac promoter and 0-galactosidase structural gene which provided a great deal of convenience in the proceeding experiments.
Plasmid pMKTl was constructed from pINIII-Al (20) and pORF2 (21), which possess the 2pp-Jao regulatory sequence and the complete p-galactosidase gene, respectively (Fig. 2) .
Then, the synthetic dsDNA-1 was introduced not only to provide new restriction enzyme sites, EcoRI and Sail, but also to allow for the correction of the reading frame o-f the p-galactosidase gene in phase. The joining of the synthetic dsDNA-1 and the large Xbal-Hindlll fragment of pMKTl yielded pMKT2, in which the RBS sequence was identical to that of the lpp regulatory gene, the EcoRI site was shifted to just upstream from the SD region, and tha new Sail site was created just following the AUG initiation codon. This facilitated the construction of pMKT2-series with the synthetic dsDNA-2. This data was obtained from sixteen RBS sequences described in Table 1 . Group A and B correspond to the mutant -1 to -9, and -1O to -16, respectively. The former exhibited greater enzyme activity than that of pMKT2. Adenooine (A) of the initiation codon was numbered as +1. Positions -10 to -13 and positions -3 to -9 were random-mutagenized with dsDNA-2 (See Materials and Methods).
Each plasmid <pMKT2-l through pMKT2-16> HIE isolated and its RBS region was sequenced from the double-stranded plasmid DNA by the modified dideoxy chain termination method ( Table 1 ).
The sequential result shoME that the nucleotide sequence itself at the spacer substantially affects the translation level. For example, both groups of mutants -1, -2, -9, and -12, and mutants -5 and -16 have identical SD sequences at the same position, but their expression levels vary in the range of 4 fold ( Table 1 ). This indicates that the spacer sequence also appears to be important with respect to translational efficiency.
The resulting RBS sequences can be classified into two groups : Group A consists of 9 mutants with greater expression than pMKT2, and Group B o-f mutants with diminished expression. Both groups possess a purine rich region which has strong complementarity to the 3' end of 16S rRNA, and an AT-rich spacer (27, 28).
In Table 2 , Group A which exhibited greater (3-galactosidase activity has an overall purine rich combination The dots above the letters indicate the complementarity to the 3' end sequence o-f 16S rRNA. The position -for the random mutagensis and the initiation codon are underlined. The results were surprising; positions -13 to -9 o-f every RBS sequence obtained presented nearly 90/C complementarity (Table 4) , in which position -9 was randomly synthesized with all -four nucleotides. Hence, it can be stated that the SD sequence is located in positions -13 to -9 o-f the RBS sequences. Furthermore, this finding could be extended to define the SD sequence as 5'AAGGg, and its position. Conversely, the data of the positional complementarity of 16S rRNA with the RBS sequences (Table 3) could pinpoint the binding position and sequence of 16S rRNS with raRNA. Consequently, the mediation sequence of 16S rRNA appeared to be 3'CCUCCA. Such analyses could infer again that the 3' end of 16S rRNA has a certain role in positioning the mRNA on the ribosoms in a flexible manner during translation initiation.
The influence of the mRNA secondary structure on translation efficiency was investigated with a computer program described by Tinoco et al. (33) Although all of the possible secondary structures near and in the RBS sequences were collected (data not shown), no stable secondary structure was found. The analysis, however, indicated that there was some degree of decreasing tendency at the expression level, as the stem structures were more stablized.
However, the implication of the secondary structure of mRNA relating to translation level remains to be evaluated.
It has bean discussed in other reports that the initiation codon preceding the actual initiation codon of mRNA may greatly and -12 lowered the expression level nearly 3 times (Table 1 ).
In conclusion, a direct screening system using 
